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INTRODUCTION 

During our  s t u d i e s  on t h e  o r i g i n  and evolu t ion  of  t h e  Alber ta  o i l  sands we stud- 
i e d  t h e  b a c t e r i a l  a t t a c k  on convent ional  crude o i l s ,  and came to  t h e  conclusion t h a t  
t h e  o i l  sand bitumen was t h e  end product  of  t h e  biodegradat ion of a l i q u i d  pooled o i l  
(1). The biodegradat ion of a l i g h t ,  f l u i d  convent ional  crude o i l  y ie lded  a heavy, 
dense  bitumen a f t e r  bac te r i i i i  a t t a c k ,  (2,3,4) which resembled t h e  n a t u r a l l y  occurr ing 
bitumen found i n  t h e  Alberta  o i l  sand formations (1). 

The f a c t  t h a t  biodegraded o i l s  and o i l  sand bitumens have such d i f f e r e n t  physi- 
cal p r o p e r t i e s  from convent ional  crude oi ls  i s  of g r e a t  imp r t a n c e  t o  t h e  petroleum 
i n d u s t r y .  A f l u i d  f o s s i l  f u e l  may be ex t rac ted  from a r e s e r v o i r  by s inking  a wel l  and 
permi t t ing  t h e  f l u i d  t o  flow o u t  of t h e  ground under i ts own o r  a s s i s t e d  h y d r o s t a t i c  
p r e s s u r e ,  and it may be t ransl ior ted by p i p e l i n e  o r  v e s s e l  t o  a remote p l a n t  f o r  t r e a t -  
ment. The o i l  sand bitumen, on t h e  o t h e r  hand, is a heavy t a r r y  m a t e r i a l ,  s o l i d  a t  am- 
b i e n t  l o c a l  temperature, which is he ld  i n  an adhesive mat r ix  around g r a i n s  of sand i n  
a s o l i d  geologica l  formation underground. This  r e q u i r e s  d i f f i c u l t ,  a,nd hence expensive, 
mining o r  i n - s i tu  recovery, and t h e  bitumen re leased  from t h e  sand matr ix  must be 
t r e a t e d  and r e f i n e d  on-s i te  s i n c e  it is not  e a s i l y  t ranspor ted  t o  a remote r e f i n e r y .  

t i o n  a r e  Pour Point: - the temperature above which t h e  o i l  is a l i q u i d  and w i l l  flow, 
GraviLy: - the  d e n s i t y  of t h e  m a t e r i a l ,  and Viscos i ty :  -its a b i l i t y  and r e s i s t a n c e  t o  
flow. 

e n t  f r a c t i o n s  f o r  these  c r i t e r i a ,  and noted t h e i r  p r o p e r t i e s  before  and a f t e r  biodegra- 
d a t i o n  i n  a n  a t tempt  t o  r a t i o n a l i z e  t h e i r  phys ica l  behavior. 

The t h r e e  phys ica l  c r i t e r i a  of  importance i n  t h i s  f i e l d  of  petroleum explo i ta -  

We have inves t iga ted  var ious  oils ,  and bitumens and some of  t h e i r  major compon- 

MATERIALS AND METHODS 

Samples inves t iga ted  a r e  shown ir. Table I. Prudhoe Bay is a convent ional  crude 
o i l  f r o m  Alaska, an11 i ts  incubat ion  f o r  168 hours wi th  a c u l t u r e  of mixed b a c t e r i a  
y i e l d e d  sample PR 168 (1). This  l a t t e r  mater ia l  has.Deen shown t o  resemble chemically 
t h e  Alber ta  o i l  sand bitumens. Sample PB s.1. i s  t h e  product  of t h e  incubat ion  of 
Prudhoe Bay o i l  with a c u l t u r e  of  t h e  y e a s t  Saccharomyces l ipolyt ica.  
removes completely t h e  n-alkanes (5) .  Sample A t  i s  a t y p i c a l  o i l  sand bitumen from 
one of the  f o u r  major d e p o s i t s  i n  Alberta .  
t h e n i c  crude oi l  found i n  a r e s e r v o i r  system i n  t h e  Mannville formation i n  Eastern 
Alber ta .  It i s  thought  t o  be r e l a t e d  to  t h e  four  o i l  sand formations bitumens (6,7) 
and is  an example of an in te rmedia te  biodegradat ion product  (1). The t h r e e  component 
fractions, t h e  s a t u r a t e ,  aromatic  and p o l a r  m a t e r i a l s  of t h e  samples A t  and PB were 
i s o l a t e d  from t h e  respec t ive  o i l s  by column chromatography (1). Sample PB Sa t .  A.F. 
was a sample of  PB S a t .  from which t h e  n-a lkanes ,  ;so- and ante-iso a lkanes  had been 
removed by molecular s ieve  i n c l u s i o n  ( 8 )  and urea  adduct ion (9 ) .  

The Pour Poin t  was determined by observing t h e  temperature a t  which t h e  l i q u i d  
sample ceased t o  flow on cool ing,  and a l s o  t h e  temperature a t  which t h i s  same sample, 
when frozen,  commenced to  flow on heat ing.  
t w o  va lues .  

A.P.I. g r a v i t i e s  ca lcu la ted  according to t h e  formula A.P.I. g r a v i t y  = 141.5- - 
s p e c i f i c  grav i ty  

131.5. Hence water has a va lue  of  A.P.I. 10. More dense m a t e r i a l s  have lower values ,  
less dense m a t e r i a l s  have va lues  g r e a t e r  than 10. 

This org?.:.ism 

The Lloydminster crude o i l  is a heavy naph- 

The f i g u r e s  quoted a r e  averages of these  

The g r a v i t y  was determined by densi tometry a t  25'C. The va lues  quoted a r e  
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V i s c o s i t i e s  were measured a t  38OC and 9 9 T  with a Brookfield Viscosimeter on 
5 m l  samples, absolu te  va lues  being cor rec ted  a g a i n s t  known s tandards .  
are i n  Saybol t  Universal  Seconds (s.u.s.) and a r e  c a l c u l a t e d  u s i n g  t h e  formulae: 

Values quoted 

Cent i  i s e  SpecifirGravity = Cent i s tokes  

and S.U.S. = Cent i s tokes  x 4.635. 
t h e  va lues  quoted should n o t  be regarded a s  absolu te ,  b u t  r a t h e r  viewed f o r  comparative 
purposes. 

Since o i l s  and bitumens a r e  n o t  homogenous m t e r i a l s ,  

RESULTS AND DISCUSSIONS 

The chemical ana lyses  of t h e  m a t e r i a l s  i n v e s t i g a t e d  a r e  i l l u s t r a t e d  i n  F igure  1. 
From this it may be seen t h a t  sample PB was a convent ional  crude o i l  conta in ing  a f u l l  
complement of n-alkanes, ' acyc l ic  isoprenoids ,  o l igo-  and polycycl ic  s a t u r a t e d  alkanes,  
Oligo- and polycycl ic  aromatics  and p o l a r  mater ia l s .  
(sample PB s.1.) removed s o l e l y  t h e  n-alkanes and minor amounts of small-r ing aromatic 
mater ia l s .  Biodegradation by t h e  b a c t e r i a  (sample PB 168) had removed a l l  t h e  n-alkanes 
and t h e  a c y c l i c  isoprenoids ,  some mono and d i c y c l i c  s a t u r a t e s ,  and small r i n g  aroma- 
t i c s ,  l eav ing  t h e  p o l a r  matexial  unchanged (1). 

Sample L 1  was s i m i l a r  t o  sample PB s.1. i n  that t h e  n-alkanes were absent ,  bu t  
t h e  a c y c l i c  isoprenoids  ( t h e  p r i s t a n e  and phytane family)  were s t i l l  present .  However, 
as t y p i c a l  of t h e  o i l s  found i n  t h e  Mannville formation of Alber ta ,  t h e r e  was a r e l a -  
t i v e l y  l a r g e  arr.ount of p o l a r  m a t e r i a l  p resent .  S imi la r ly ,  sample A t ,  t h e  o i l  sand 
bitumen, resembled t h e  f u l l y  biodegraded sample PB 168, except ing f o r ,  again,  t h e  l a r -  
ger  amount of  p o l a r  mater ia l  p r e s e n t  (1). 

Biodegradat ions by the  y e a s t  

a )  Pour Poin t  
The va lues  obtained f o r  t h e  pour p o i n t s  of t h e  samples a r e  shown i n  Table 11. 
The convent ional  crude o i l ,  sample PB, had a pour p o i n t  of -2OC. Removing t h e  

n-alkanes (sample PB s.1.j caused t h i s  f i g u r e  t o  f a l l  t o  -12°C; i .e .  t h e  o i l  w a s  still 
l i q u i d  a t  an even lower temperature. Increasing t h e  amount of p o l a r  mater ia l  (as  i n  
sample L1) caused a marked i n c r e a s e  i n  t h e  pour p o i n t  va lue  to  +3OC. Further  biode- 
grada t ion  t o  completion (as i n  sample PB 168 and A t )  caused a f u r t h e r  r i s e  i n  the  pour 
point,  with t h e  amount of p o l a r  mater ia l  having l i t t l e  a d d i t i o n a l  e f f e c t .  

Looking a t  t h e  va lues  f o r  t h e  component f r a c t i o n s ,  i t  may be  noted t h a t  t h e  
polar m a t e r i a l  had a very high pour p o i n t ,  and t h e r e f o r e  t h e  propor t ions  present  i n  a 
mixture  had a marked e f f e c t  on t h e  o v e r a l l  pour poin t .  The more p o l a r  m a t e r i a l  being 
p r e s e n t ,  t h e  higher  t h e  pour p o i n t  became. 

Biodegradation caused a rise i n  t h e  pour p o i n t  va lues  i n  t h e  aromatic f r a c t i o n ,  
due to  t h e  removal of t h e  l i g h t e r  components (sample PB A r o ,  sample A t  A r o ) .  

The most  s t r i k i n g  d i f f e r e n c e  was observed i n  t h e  s a t u r a t e  f r a c t i o n s .  Sample PB 
S a t  had a pour p o i n t  of +YC, due t o  the  presence of t h e  s o l i d  waxy n-alkane s e r i e s .  
Removal of t h i s  (sample PB S a t  A.F.) caused a marked f a l l  i n  t h e  pour poin t ,  hence the  
f a l l  i n  values  observed between samples PB and PB s.1. Fur ther  biodegradat ion (i.e. 
removal of t h e  a c y c l i c  isoprenoids  and mono- and d i - c y c l i c  s a t u r a t e s )  caused a f u r t h e r  
decrease  i n  ,the pour p o i n t  values .  

t h e  o i l ,  i n  t h a t  i ts pour p o i n t  had f a l l e n  due to  t h e  removal of  t h e  n-alkanes. Fur- 
t h e r  biodegradat ion i n  t h e  s a t u r a t e  and aromatic  f r a c t i o n s  caused a "downgrading" by 
i n c r e a s i n g  t h e  pour p o i n t  of t h e  o i l .  
was t h e  quant i ty  of p o l a r  m a t e r i a l  p resent .  The higher  t h e  percentage of  p o l a r  m a t e r i a l  
p r e s e n t ,  t h e  higher  t h e  pour p o i n t  became. 

Thus .biodegradation by t h e  Saccharomyces z ipoty t ica  may be s a i d  t o  have "upgraded" 

The over r id ing  f a c t o r  involved i n  the  pour p o i n t  

b) V i s c o s i t y  
The V i s c o s i t i e s  obtained a r e  tabula ted  i n  Table 111. 
Sample PB had a l o w  v i s c o s i t y ,  and thus  flowed e a s i l y .  Removing the  n-alkanes 

(sample PB s.1.) increased t h i s  va lue  from 208 t o  1006. Adding p o l a r  mater ia l  (sample 
L1) f u r t h e r  increased t h i s  va lue  t o  3610. Complete biodegradat ion of sample PB in-  
c reased  t h e  v i s c o s i t y  sharp ly  t o  over  f i v e  thousand (sample PB 168). and the  a d d i t i o n  
of f u r t h e r  po lar  mater ia l  (sample A t )  more than  doubled t h i s  f i g u r e .  'The va lues  f o r  
t h e  component f r a c t i o n s  expla in  t h i s  i n  t h a t  biodegradat ion had only a n u n o r  e f f e c t  on 
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t h e  v i s c o s i t y  of the  s a t u r a t e  and aromatic  f r a c t i o n s .  Since t h e  p o l a r  m a t e r i a l  was a 
s o l i d  a t  38OC, and w a s  extremely v iscous  even a t  99OC; its presence was t h e  most impor- 
t a n t  f a c t o r  i n  t h e  de te rmina t ion  of t h e  v i s c o s i t y  of an oil. Hence t h e  Mannville o i l s  
(samples L 1  and A t )  were all highly  v iscous  a t  38'C due t o  t h e i r  high conten t  of p o l a r  
m a t e r i a l ,  and were mre viscous  t h a n  t h e i r  low-polar c o u n t e r p a r t s  even a t  99°C. 

c )  Gravi ty  
Table I V  lists t h e  v a l u e s  obta ined  for t h e  A.P.I. g r a v i t i e s  of t h e  o i l s .  The con- 

v e n t i o n a l  crude o i l  sample PB had .a  r e l a t i v e l y  high A.P.I. g rav i ty ,  which f e l l  t o  c l o s e  
t o  t h a t  of  water on complete b iodegrada t ion  with t h e  b a c t e r i a  (sample PB 168), and a l -  
so on biodegradat ion with t h e  Saccharomyces tipotytica (sample PB s.1.). 
the samples A t  and L1 were l ikewise  Close t o  t h a t  of water. The v a l u e s  for t h e  sa tur -  
ates (samples A t  Sat ,  PB S a t ,  PB S a t  A.F.) revealed h igh  va lues  unaf fec ted  by biode- 
grada t ion ,  and t h e  va lues  f o r  t h e  aromatic  f r a c t i o n s  f e l l  only t o  a minor ex ten t .  I t  
may t h u s  be surmised t h a t  t h e  concent ra t ion  of po lar  mater ia l  was t h e  most important 
f a c t o r  involved i n  t h e  de te rmina t ion  of t h e  g r a v i t y  of an o i l  (see Figure 1). 

The va lues  f o r  

CONCLUSIONS 

.i) Conventional crude o i l s  are c h a r a c t e r i s e d  i n  t h e i r  phys ica l  p r o p e r t i e s  by a 
high A.P.I. g rav i ty ,  low pour p o i n t  and low v i s c o s i t y .  Biodegraded o i l s  and 
bitumens have low A.P.I. g r a v i t i e s ,  high pour p o i n t s  and high v i s c o s i t i e s .  

ii) The most i n f l u e n t i a l  f a c t o r  involved i n  t h e  phys ica l  p r o p e r t i e s  of o i l s  i s  t h e  
amount of p o l a r  mater ia l  p resent .  
The s e l e c t i v e  removal of n-alkanes by t h e  y e a s t  Saccharomyces t i p o t y t i c a  caused 
a n  anomalous "upgrading" of the o i l  i n  t h a t  t h e  pour p o i n t  was decreased. 
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Table I 

The O i l s  Examined 

PB 

PB 168 

PB s.1. 

L1 

A t  

PB S a t  
PB Aro 
PB Pol  
PB S a t  A.F. 

A t  S a t  
A t  A r o  
A t  Po l  

Prudhoe Bay Crude. Location: Alaska ( B r i t i s h  Petroleum Ltd.) 

Prudhoe My Crude incubated 168 hours, mixed b a c t e r i a l  c u l t u r e .  

Prudhoe M y  Crude incubated 21 days wi th  Saccharomyces l i po ty t i ca  cul ture .  

Lloydminster Crude. Location: 16-3-50-1 W4. Well depth  600 m. (Husky O i l  
Ltd.). 

Athabasca O i l  Sand Bitumen. Location: 24-92-10 W4. Quarry depth 22 m. 
(Great Canadian O i l  Sands Ltd.) . 
Prudhoe Bay S a t u r a t e  F r a c t i o n  
Prudhoe Bay Aromatic F r a c t i o n  
Prudhoe Bay Polar  F r a c t i o n  
Prudhoe Bay S a t u r a t e  F r a c t i o n  f r e e  of E-alkanes. 

Athabasca S a t u r a t e  F r a c t i o n  
Athabasca Aromatic F r a c t i o n  
Athabasca Polar  F r a c t i o n  

Table  I1 

Pour P o i n t  Values ("C) 

Sample Pour Poin t  Sample Pour Poin t  Sample Pour Poin t  
1 -  I -  

PB -2 
PB s 1 -12 
PB 168 +7 
L1 +3 
A t  +8 

Sample 

PB 
PB s 1 
PB 168 
L1 
A t  

Viscosi ty  

208 ; 131 
1006 ; 215 
5280 ; 117 
3610 ; 260 

11680 ; 513 

PB S a t  I PB Aro 
A t  S a t  -55 

-55 I A t  A r o  -25 

Table  I11 

Viscos i ty  Values 38OC; 99OC 
(Saybol t  Univers i ty  Seconds) 

Sample Viscos i ty  

PB S a t  <SO ; <50 
PB A r o  <SO ; <SO 
PB P o l  s o l i d  ; >20000 
PB S a t  A.F. <50 i <50 

Sample V i s c o i i t y  

A t  s a t  <50 ; <SO 
A t  A r o  850 ; <50 
A t  Pol s o l i d  ; >20000 
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Table IV 

Gravity Values (OAPI) 

PB 27 PB Sat 36 
PB s 1 12 PB Aro 17 
PB 168 10 PB Pol - 10 
L1 13 PB Sat A.F. 36 
At 10 

At sat 30 
At Aro 4 
At Pol .. 10 
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PB Sol 

PB Aro 

PB Pol 

D 

- 

E 

- 
F 

i PB Sat 

E - A t  Aro 
E 

- - 

F ' A t  Pol 

> 

PB 168 PB s.1. LI 

Figure I: Gravimetric analyses  of the O i l s  and bitumens. 

A.  Sieve adduct 

B. Urea adduct 

C. Thiourea adduct 

D. Thiourea non-adduct 

E. Aromatic Fraction 

F. Polar fract ion 

Saturate fract ion 

At 
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